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The article discusses the need to separate astroecology into a separate independent science. Such an accentuation will allow us to
expand the scope of knowledge about life as a cosmic phenomenon and cleanse the modern general ecology from an exclusively earthly
vision of life. The theories of general ecology must be filtered by the methods of astroecology. There is a mutual exchange of data between
astroecology and terrestrial applied ecology, which enriches both sciences and increases the effectiveness of their projects. This, first of all,
concerns the problems of restoration of disturbed ecosystems, ecological medicine, environmental safety, and agriculture. The article
was written based on a review of publications in leading astrobiological journals and based on the experience of my own astroecological
research. Astroecology should be to single out from astrobiology because it studies the relationships of biosystems with the environment
as separate phenomena, and not only as separate characteristics of these biosystems. This will allow us to determine the main patterns
of biota's relationship with the environment outside the Earth, which will give us new ecological theories and cleanse the general ecology
of the earthly vision of life. The main functions of modern astroecology are to expand the sphere of knowledge, which will increase
our chances of survival; creation of new ecological theories and critical analysis of old ones; uncovering mechanisms of adaptation to
extraterrestrial environments that will facilitate our space expansion and prepare for future contact with extraterrestrial biota. General
ecology must be built on theories filtered by astroecology because it encompasses the relationships with biota in space larger than one
planet. Astroecology is enriched by the knowledge obtained in human-explored outer space and on our planet. When using the knowledge
obtained on Earth, there is a two-way enrichment of classical terrestrial ecology and astroecology. Astroecology contributes to the progress
of ecological science and improves the methods of applied ecology. This concerns, first of all, the problems of restoration of disturbed
ecosystems, ecological medicine, environmental safety, and agriculture. Key words: astrobiology, ecological safety, space expansion.

AHAaJI3 aKTyaJIbHOCTI aCTPOEKOIOTTYHHX AocHiTKeHb. XoM sk L.B., Oummyk LII., Xom’sik O.1.

VY crarTi 00roBOpIOETHCS HEOOX1AHICTh BUIICHHS aCTPOEKOJIOTIT B OKpEMy CaMOCTiiHy HayKy. Takuii akeHT JO3BOJIHUTh PO3ILIH-
putH cepy 3HaHb PO JKUTTH, K KOCMIUHE SBHUIIE Ta OUUCTUTH CYYaCHY 3arajbHy CKOJIOTIk0 BiJl BUKIFOYHO 36MHOTO OaYCHHS KHUTTSL.
Teopii 3aranbHO{ eKoJoTil MOBHHHI OyTH BiI(IIBTPOBaHI METOJAMHU acTPOEKOJIOril. MiX acTpOEKONOTi€l0 Ta 3eMHOIO MPUKJIAHOIO
EKOJIOTI€r0 BiIOYyBA€EThCS B3a€EMHHI 0OMIH TaHHMH, 110 30aradye oOuB1 HAYKH Ta MiABUIIY€E e(peKTUBHICTH iXHIiX MpoekTiB. Lle, Hacam-
Tepes1, CTOCYETHCS MPOOIEeM BiTHOBICHHS MOPYIIEHUX €KOCHCTEM, EKOJIOTiYHOI MEANIIMHH, €KOJIOT14HO1 O€3MeKH, CiIbCbKOTO TOCIIO-
napcrBa. CTaTTs HamKcaHa Ha OCHOBI OISy MyONmiKalii y MpOBiJHUX acTPOOIONOTIUYHMX JKypHAJIax Ta Ha OCHOBI JIOCBiTy BIIACHHX
ACTPOCKOJIOTIYHUX JTOCIIIKEHbB. 3 acTpoOi0JIOTii CITi)l BAOKPEMHTH aCTPOEKOJIOTII0, TOMY III0 BOHA BUBYAE 3B'I3KH 0I0CHUCTEM 13 cepell-
OBHIIEM SIK OKpEMi SIBHIIA, a HE JIUIIE sIK OKpeMi XapaKTepUCTHKH IuX GiocucreM. Ile 103BOINTH BUSHAYUTH OCHOBHI 3aKOHOMipPHOCTI
B3a€MOBITHOCHH 010TH 3 HaBKOJIHIIHIM CEPEIOBHIIEM 1032 3eMJICI0, IO JacTh HaM HOBi €KOJIOTiYHI TeOpii Ta OYHUCTUTH 3arajibHy
€KOJIOTIIO BiJ 3eMHOr0 OaueHHs KUTTA. OCHOBHI (YHKLIT Cy4acHOi acTPOEKOJIOTii — pO3IMUpeHHs! cepH 3HaHb, L0 MiABUIINTH Halli
LIIAHCH Ha BM)KUBAHHS; CTBOPSHHS HOBUX €KOJIOTTYHUX TEOPil i KPUTUYHHUHN aHaJIi3 CTapyX; PO3KPUTTS MEXaHi3MIB ajanTanii 0 1mo3a-
3eMHOTO CePeOBUIIA, SKi CHIPUSITUMYTh HAIIOMY KOCMIYHOMY PO3IINPEHHIO Ta MiATOTYIOTH 10 Maiil0yTHOTO KOHTAKTY 3 II03a3€MHOIO
OioTor0. 3arajbHa eKOJIOTis MOBUHHA OYyIyBaTHCS Ha TEOPisX, BiI(IIBTPOBAHUX aCTPOCKOIOTIEI0, OCKIIBKM BOHA OXOILTIOE BiTHOCHHHU
3 610TOIO B ITPOCTOPI, OLIBIIOMY 33 OfIHY ITaHETY. ACTPOCKOJIOTisl 30arauy€eThCst 3HAaHHSIMH, OTPUMAaHUMH B TOCIIPKCHOMY JIFOANHOIO
KOCMOCI Ta Ha Haii mianeri. [Ipy BUKOpHUCTaHHI 3HaHb, OTPUMAHHUX Ha 3eMIli, BiOyBa€ThCs ABOCTOPOHHE 30aradeHHs KJIaCUYHOT
3eMHO{ eKOJIOTI Ta aCTPOEKOJIOTII. ACTPOEKOJIOTIsI CHPHSIE IPOTPECy EKOJIOTIYHOI HAyKH 1 BIOCKOHAIIOE METOJM IPHKJIIaTHOT €KOJIOTiI.
e, Hacammepen, cTocyeTbes MpoOIeM BiTHOBICHHS MOPYHICHHX E€KOCHCTEM, €KOJOTIYHOI MEIUIMHH, €KOJOTiYHOi Oe3MeKH, Cilb-
CBKOT'0 rocrofapcTBa. Knrouosi cioea: actpo0iosoris, ekojoridyHa Oe3neka, KOCMiuHa eKCIIaHCis.

Introduction

Statement of the problem. Ecology was born in the
bosom of natural sciences at the height of the Scientific
Revolution. Over time, theorists and practitioners of nat-
ural sciences have realized the importance of describ-
ing the relationships between environment and biota.
Information about these connections accumulated more
and more, and biology, overloaded with it, formed a
separate section — ecology. However, other sections of
biology continued to supplement their highly special-

ized sciences with ecology, where it was a multidisci-
plinary science. In certain branches of biology, the share
of ecological research is so large that it is difficult to
separate them from ecology, despite their own history
and independent development. Astrobiology is one of
the most tightly integrated sections of biology with ecol-
ogy. Virtually every astrobiological study, hypothesis, or
theoretical review is essentially ecological [9]. We get a
question — should astroecology continue to develop as
an independent science?
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Research relevance. In our time, the volume of
research into extraterrestrial space has reached its his-
torical maximum. This is not only a consequence of
their popularization. The results of extraterrestrial space
research are growing, both qualitatively and quanti-
tatively. For example, according to the "Government
Space Defense" report, spending on the space sector
was a record 103 billion dollars in 2022. This growth
does not even come close to meeting the needs arising
from the expansion of the "sphere of knowledge" and the
growth of the "surface of the questions". For this reason,
we have to be as efficient as possible.

The connection of the author's work with impor-
tant scientific and practical tasks. At first glance, it
seems that the wide using of ecological research meth-
ods and principles in astrobiology excludes the need to
separate astroecology from it. It seems that astrobiology
is already astroecology. It seems that astrobiology is
already astroecology. To answer this question, we have
to analyze the structure of astrobiology more deeply.
We consider it more broadly than just exobiology or
xenobiology. It will include both life on other natural
space objects, as well as the influence of cosmic factors
on biosystems and Earth's biota. The last two lines of
research are indeed classically ecological, but the future
study of extraterrestrial biota (exobiology or xenobiol-
ogy) is much larger. In many publications devoted to
this direction, ecological aspects are present but occupy
only a small part of the entire array of research. For
example, the search for biosignatures, and astrogeology
that related to the search for traces of life in rocks of
extraterrestrial origin, will be only partially ecological.
Therefore, astroecology covers only a part of astrobiol-
ogy. In some research, it completely dominates, and in
others research only a small part of it is present.

Analysis of the latest research and publications.
Astroecological research can be interdisciplinary and
multidisciplinary in nature [11]. The focus of typical
astroecology is not the objects of biota itself, but its rela-
tionships with the environment. So, when we look for
the remains of life in a meteorite or an extraterrestrial
rock, it is not an astroecological study in the classical
sense [10]. It will be astroecology only when we are
interested in the environmental conditions in the area of
existence of this meteorite or rock, and how the found
biota interacted with it or adapted to it.

Scientific novelty. For the first time, we made a
detailed analysis of the journalistic activity of scientists
in the field of astroecology.

Methodological or general scientific significance.

In certain branches of biology, the share of ecological
research is so large that it is difficult to separate them
from ecology, despite their own history and independ-
ent development. Astrobiology is one of the most tightly
integrated sections of biology with ecology. Virtually
every astrobiological study, hypothesis, or theoretical
review is essentially ecological. At first glance, it seems
that the wide using of ecological research methods and
principles in astrobiology excludes the need to separate

astroecology from it. It seems that astrobiology isalready
astroecology. It seems that astrobiology is already astro-
ecology. To answer this question, we have to analyze
the structure of astrobiology more deeply. We consider
it more broadly than just exobiology or xenobiology. It
will include both life on other natural space objects, as
well as the influence of cosmic factors on biosystems and
Earth's biota. The last two lines of research are indeed
classically ecological, but the future study of extraterres-
trial biota (exobiology or xenobiology) is much larger.In
many publications devoted to this direction, ecological
aspects are present but occupy only a small part of the
entire array of research. For example, the search for bio-
signatures, and astrogeology that related to the search
for traces of life in rocks of extraterrestrial origin, will
be only partially ecological. Therefore, astroecology
covers only a part of astrobiology. In some research,
it completely dominates, and in others research only a
small part of it is present.

Purpose and objectives of the study. The purpose
of the study is to determine the role and place of astro-
ecology in modern science. Accordingly, the following
tasks were set: 1) Analyze publications in the main astro-
biological journals; 2) Determine the impact of astroeco-
logy on astrobiology and general ecology.

Materials and methods of research. Research mate-
rials are publications in leading astrobiological journals:
"Astrobiology", "International Journal of Astrobiology"
and "Life Sciences in Space Research". Common statis-
tical methods were used for the analysis.

Research results. Take, for example, periodical
peer-reviewed journals in which 50% or more of the
publications are devoted to astrobiology (table 1). We
can determine whether a publication belongs to astroe-
cology by how the authors define the object of research.
If the subject of research is the relationship of this biota
with the environment, then such articles can be consid-
ered astroecological. If the subject of research is biota or
the search for its traces and not its connections with the
environment, then such a publication can be considered
purely astrobiological. If it is not the subject of research
but is mentioned in the results of the research or their dis-
cussion, then such a publication only contains elements
of astroecological research. The distribution of publica-
tions into groups is based on the subjective opinion of
the author. If a survey were conducted among a larger
number of professional environmental researchers, the
results below may change in one direction or another.

We have analyzed 26 scientific journals that con-
tain astrobiological publications for the year 2022.
From this list, 3 journals were selected, in which the
share of classic astrobiological publications exceeded
50% (Table 1). These are "Astrobiology" (61.54%),
"International Journal of Astrobiology" (56.76%), and
"Life Sciences in Space Research" (56.6%). The rest of
their publications were related to space but did not focus
on studies of biota beyond Earth. These were studies of
instruments for observing certain parameters of outer
space, and questions of education, history, and philoso-
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Table 1
The share of astroecological publications in the leading astrobiological journals
. . . Publications
o | Astbinteseal | Asrascolgieal | i cements o
Name of the journal | number of astroecology
publications | Quantity Share Quantity Share Quantity Share
(pes.) (%) (pes.) (%) (pes.) (%)
Astrobiology 13 8 61,54 2 15,38 2 15,38
International Journal 37 71 56,76 8 21,62 4 10,81
of Astrobiology
Life Sciences in Space 53 30 56,60 11 20,75 4 7,55
Research

phy. The share of identified astroecological publications,
where the subject of research is the interaction of living
organisms with the environment, ranged from 15.38% to
20.75% of the total number and from 25% to 38.09% of
the number of astrobiological articles. Some research-
ers did not set themselves the main goal of studying the
interrelationships of biota with organisms, but they men-
tioned this aspect in the articles. Such partly astroeco-
logical publications occupy from 7.55% to 15.38% of
the total number and from 13.33% to 25% of the number
of astrobiological publications. If we combine these cat-
egories together, their share will range from 28.3% to
32.43% of the total number and from 50% to 57.14% of
the number of astrobiological publications.

Discussion. A large proportion of astrobiological
research is related to terrestrial biota. First of all, we are
talking about the study of extremophiles, the stability of
Earth's ecosystems, global environmental changes and
related extinctions, the relationship between man and
the biosphere, life expectancy, and its preservation in
extreme conditions. For example, our "Laboratory of
Ecosystem Theory" studies the dynamics of the settle-
ment of disturbed lands by plants. Our work is aimed
at finding general patterns in the dynamics of the res-
toration of natural vegetation. This can be a theoretical
basis for building algorithms for terraforming colonized
planets. Such research of ours can be considered astro-
ecological, because we study how species adapt to a
certain lifeless environment and how they themselves
change this environment, making it suitable for other
groups of species.

The studies of extremophiles take into account their
species diversity, genetics, morphological, biochemical,
and biophysical responses to environmental conditions,
and more [3]. Astroecological research in this direction
is aimed at finding endurance limits for life in space [4].
At the same time, this region suffers the most from the
earthly vision of life. What are extreme environmental
conditions? We often consider them as such if they devi-
ate significantly from the zone of optimum for humans or
most living organisms on Earth. However, what is extreme
for us or most species around us may be optimal for alien
life [2]. Therefore, to define limits for life we need to form
a universal definition of life in the universe [6].

Attempts to discover the causes of great extinctions
keep turning our attention to extraterrestrial factors.
For example, Yukio Isozaki [7] writes about this in his
article "Paleozoic Extinctions in Cosmoclimatological
Context: "Non-Bolide" Extraterrestrial Causes for Global
Chilling". He emphasizes that recently paleobiologists
and astrobiologists are increasingly returning to extrater-
restrial causes of global extinctions. In his opinion, this
is not a return to the old model associated with the fall
of a large meteorite. It is a concept generated from new
astrophysical discoveries that considers scenarios related
to processes both within the solar system and beyond.
It includes the direct and indirect influence of the Sun
and other objects of the Solar System on the Earth's cli-
mate, echoes of supernova explosions, migration of dark
matter, and, of course, classic falls of large meteorites.
The direct impact was manifested through changes in the
atmosphere or the amount of energy passing through it.
Indirect influence was carried out through tectonic activ-
ity, which changed the physical and chemical properties
of the atmosphere. We find similar ideas in other authors
[1]. For example, the established 27.5 million-year cycle
of catastrophic changes in the Earth's environment [13]
is compared with the 32 + 3 million-year cycle of verti-
cal oscillations of the Solar System around the midplane
of the Galaxy [14]. Some researchers believe that an
increase in the flux of cosmic rays in the area of the plane
of the Galaxy can lead to significant climatic changes [5].

Both for determining the extremes of conditions and
for determining the threats of extinction, the central
object of astrobiological research remains the human
being [12]. For astrobiologists, man is a living creature
equal in popularity to extremophile microorganisms. A
large number of astrobiological publications are devoted
to the effect of space flight directly on the human body
or its simulation on animals. The absolute majority of
these works are ecological. On the one hand, this is
explained by the fact that medicine mostly deals with
problems of human maladaptation to environmental
conditions. For example, when a person loses the abil-
ity to fully function in certain environmental conditions.
On the other hand, the causes of diseases can be both
internal (hereditary-genetic, physiological) and external
or environmental (biotic, abiotic and socio-psychologi-
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cal) factors. The emergence of man beyond the surface
of the Earth naturally puts the problem of adaptation in
the first place. That is why a large part of astrobiologi-
cal and space-medical research is astroecological. For
example, in 2022, the journal "International Journal of
Astrobiology" had 10% of such articles, and the journal
"Astrobiology" — 6%. In this calculation, there were dif-
ficulties in determining in which category to assign the
June 2022 special issue of the journal "Astrobiology".
The journal "Life Sciences in Space Research" has the
largest share of medical astroecological articles — 78%.
There is a whole section "Health and biology in the space
environment" and number 35 was completely devoted to
the effect of radiation on the organism.

The ecologism of astrobiological research is mani-
fested in the connection between the space environment
and the biota of our planet, which covers the issues of
life endurance limits, sudden catastrophic changes in
the environment, the impact on organisms of being in an
artificial environment outside the borders of the home
planet, and the impact of space weather on the vitality. In
addition, the ecological aspects of astrobiology are man-
ifested in the questions of the origin of life on Earth and
beyond. This is quite a popular topic in modern astro-
biology [11]. For example, the journal "Astrobiology"
published 25 such articles in 2022. On average, there
were 2.1 publications per issue. Only one of the issues
did not have any publication on the origin of life, and the
maximum number of such articles reached 4 per issue.
As a rule, these are 1 or 3 articles per issue (33.3% of
issues). Most of these articles are closer to chemistry
than to ecology. After all, they consider the connection

of the abiotic process of the formation of prebiotics with
the environment, and ecology examines the connection
of supra-organismic biosystem levels with it. Ecology
begins when we consider the formation of the first eco-
systems or the likely vectors of evolution, rather than the
prerequisites for the emergence of life.

Conclusions. Astroecology should be to single out
from astrobiology because it studies the relationships of
biosystems with the environment as separate phenom-
ena, and not only as separate characteristics of these
biosystems. This will allow us to determine the main
patterns of biota's relationship with the environment out-
side the Earth, which will give us new ecological theo-
ries and cleanse the general ecology of the earthly vision
of life.The main functions of modern astroecology are
to expand the sphere of knowledge, which will increase
our chances of survival; creation of new ecological theo-
ries and critical analysis of old ones; uncovering mecha-
nisms of adaptation to extraterrestrial environments that
will facilitate our space expansion and prepare for future
contact with extraterrestrial biota. General ecology must
be built on theories filtered by astroecology because it
encompasses the relationships with biota in space larger
than one planet. Astroecology is enriched by the knowl-
edge obtained in human-explored outer space and on our
planet. When using the knowledge obtained on Earth,
there is a two-way enrichment of classical terrestrial
ecology and astroecology. Astroecology contributes
to the progress of ecological science and improves the
methods of applied ecology. This concerns, first of all,
the problems of restoration of disturbed ecosystems, eco-
logical medicine, environmental safety, and agriculture.
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